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Abstract

Background: Chronic kidney disease (CKD) is associated
with increased cardiovascular morbidity and mortality. In
standard care, the physician attempts to control all known
risk factors, but treatment goals are achieved with difficulty.
Assistance by a multidisciplinary care team may improve
outcomes. Objective: To compare the cardiovascular and re-
nal endpoints between patients with CKD receiving care
from excellent CKD and outpatient clinics. Methods: A retro-
spective cohort study was conducted in a primary care set-
tingin Thailand. Patients with CKD stages 3 and 4 in excellent
CKD (n =96) and outpatient clinics (n = 192) were matched
in a 1:2 ratio with the propensity score. We collected data
from electronic medical records concerning the incidences
of primary composite outcomes including rapid renal pro-
gression, end-stage renal disease, myocardial infarction,
congestive heart failure, stroke, and mortality. Multidisci-
plinary team care in the excellent CKD clinic consisted of
physician, nurse, pharmacist, dietitian, physical therapist,
and applied Thai traditional physician. The outpatient clinic
consisted of physician care only. Results: Subjects’ mean age

was 64.54 + 10.96 years, and 52.1% were female. During an
average 49.63 + 8.36 months of follow-up, 74 events oc-
curred including 35 (47.30%) patients who experienced re-
nal events, 29 (39.19%) who experienced cardiovascular
events, and 10 (13.51%) who experienced loss of life. The
Kaplan-Meier curve indicated a higher percentage of sub-
jects without primary composite outcomes in the excellent
CKD clinic than those in the outpatient clinic (66.85%; 95%
Cl 0.48-0.80 vs. 44.71%; 95% Cl 0.29-0.60; p = 0.005). From
multivariate analysis, the excellent CKD clinic group had a
64% lower risk for primary composite outcomes compared
with those in the outpatient clinic (adjusted HR 0.36; 95% Cl
0.18-0.74; p = 0.005). Conclusion: A multidisciplinary care
system can reduce composition outcomes including cardio-
vascular and renal outcomes for the growing CKD popula-
tion. The optimal outcomes arise from the medical person-
nel’s teamwork, not from one physician alone.

© 2019 S. Karger AG, Basel

Introduction

Chronic kidney disease (CKD) has a high global prev-
alence creating high economic costs to health systems in-
cluding in Thailand [1, 2]. Continuous worsening of kid-
ney function in CKD is associated with increased risks of
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cardiovascular morbidity and mortality [3]. CKD can
progress to end-stage renal disease (ESRD), requiring re-
nal replacement therapy [4]. In Thailand, the prevalence
of renal replacement therapy has been rising rapidly from
30 per million population in 1997 to 1,200 per million
population in 2014. To stem the rapidly increasing preva-
lence of type 2 diabetes, obesity, and hypertension that
may predispose the development of CKD, preventive
strategies constitute weight loss interventions, effective
therapies for hypertension and diabetes by diet and life-
style changes, pharmacological therapy, or surgical inter-
ventions and cost-effective measures [5].

It has been suggested that therapeutic interventions at
the initial stage of disease would be one method to reduce
the risk of ESRD and cardiovascular complications in
CKD [6]. However, growing evidence indicates that pri-
mary care physicians show significant variation in their
ability to recognize CKD stages regarding the unaware-
ness in using the glomerular filtration rate (GFR) estimat-
ing equation [7] and suboptimal management of CKD
that might be developed. Late nephrology referral has
been associated with increased mortality and morbidity,
and early referral of patients with CKD to knowledgeable
nephrologists was associated with improved pre-dialysis
care and reduced hospitalization and mortality [8, 9]. Dif-
ficulties in providing clinical care for patients with CKD
causes required interventions involving a multidisci-
plinary care team.

Apart from standard treatment according to CKD
clinical practice guidelines, we have focused on patient’s
knowledge and awareness, lifestyle modification, medical
treatment, physical training program, acupuncture, and
substitution of nonsteroidal anti-inflammatory drugs
(NSAIDs) for pain control. Thus, early recognition and
using an intensive multifactorial approach in primary
care settings are important and beneficial [10, 11]. We,
therefore, aimed to compare the treatment effectiveness
for patients with CKD between multidisciplinary care in
an excellent CKD clinic and usual care in an outpatient
clinic of a primary care hospital in Thailand.

Materials and Methods

Subjects

This research comprised a 4-year retrospective cohort study
conducted in a primary care hospital in Thailand. Recruitment
began in January 2013 and continued until the end of January 2017
(Fig. 1). The study protocol was approved by the Institutional Re-
view Board of the Royal Thai Army Medical Department’s com-
mittee on human research.

Multidisciplinary Care with CKD
Outcomes

Electronic medical records of patients with CKD aged more
than 18 years with estimated GFR (eGFR) <60 mL/min/1.73 m? in
the excellent CKD and outpatient clinics in a primary care setting
were reviewed. Exclusion criteria were as follows: having hospital-
ization, malignancy, acquired immunodeficiency disorder, preg-
nancy, acute kidney injury, and ESRD within 3 months at the time
of recruitment. The subjects in the excellent CKD clinic were
matched one to two with subjects in the outpatient clinic, on the
basis of their propensity score including age, sex, systolic blood
pressure (BP), diastolic BP, and eGFR. Finally, 288 subjects (96
subjects in the excellent CKD clinic and 192 subjects in the outpa-
tient clinic) were included in our study. To study the effect of treat-
ment on CKD, between patients who were treated in the CKD clin-
ic and in the standard outpatient department were referred to the
Effectiveness of Integrated Care on Delaying Progression of stage
3-4 Chronic Kidney Disease in Rural Communities of Thailand
(ESCORT study) [12]. The sample size needed 433 patients in the
CKD clinic and 255 patients in the standard outpatient clinic.

Outpatient Clinic

Outpatient clinic group treatment consisted of care under a
general practitioner alone. Subjects in this group were managed
according to the general practitioner’s knowledge based on Thai
CKD clinical practice guidelines. The average follow-up time in
this group was every 3 months.

Excellent CKD Clinic

The excellent CKD clinic multidisciplinary team consisted of a
general practitioner, nurse practitioner, dietitian, physical thera-
pist, psychologist, pharmacist, medical technologist, and applied
Thai traditional physician. Subjects in this group were followed up
monthly. Apart from standard management following Thai CKD
clinical practice guidelines, clinical care in the excellent CKD clin-
ic focused on patient’s knowledge and awareness, lifestyle modifi-
cation, medical management, physical training program, and sub-
stitution of NSAIDs by applied Thai traditional medicine for pain
control, including traditional Thai massage with a bag of heated
Thai medical herbs and acupuncture.

Lifestyle modification included diet counseling, exercise for
weight reduction, and smoking cessation. For long-term compli-
ance, financial counseling was introduced to the patients with
CKD and their family members by the nurse practitioner, espe-
cially for subjects who had financial problems. In case of poor
compliance, the excellent CKD clinic team would offer support by
direct call for follow-up or home visit. Moreover, an eGFR online
reporting system included a pop-up notification on the prescrip-
tion page to optimize medical care. After the clinical care session,
the multidisciplinary team always met to discuss any severe cases
for individualized management or a plan to refer to a specialist.

Data Collection

The data was obtained by reviewing electronic medical records
from the hospital database. At baseline, information on age, sex,
body mass index (BMI), BP, underlying disease including type 2
diabetes, hypertension, and dyslipidemia, laboratory data includ-
ing eGFR, serum creatinine, blood urea nitrogen (BUN), hemoglo-
bin, hemoglobin Alc, and urine dipstick for microalbuminuria,
and all medications including antihypertensive agents, lipid lower-
ing agents, antiplatelet agents, and antihyperglycemic agents were
recorded. Only medications which were prescribed over 6 months
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CKD stage Ill or IV patients who are older
than 18 years from excellent
CKD clinic in single primary care hospital
since 2012-2013 (n = 96)

Patients with eGFR <60 mL/min/1.73 m2
who are older than 18 years from
outpatient clinic in single primary care
hospital since 2012-2013 (n = 790)

Y

Exclusion criteria
Diagnosed as ESRD
Free of T2DM and HT
eGFR <60 mL/min/1.73 m2 due to
AKI without CKD
472 patients were excluded
including:
« 2: diagnosed as ESRD
« 142: free of T2DM and HT
« 228: AKI without CKD

Y

Eligible patients from outpatient clinic
(n = 368)

v

One of three matched with propensity score by age, gender, and eGFR

Unmatched patients from
outpatient clinic (n = 176)

v

Excellent CKD clinic
group (n = 96)

v

v

Outpatient clinic group
(n=192)

v

Primary composite outcome (n = 16)
Mortality (n = 2)

Primary composite outcome (n = 58)
Mortality (n = 17)

Fig. 1. Enrollment flowchart. Primary composite outcome included the incidences of myocardial infarction, con-
gestive heart failure, stroke, end-stage renal disease (ESRD), rapid renal progression, and all-cause mortality. AKI,
acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HT, hypertension;

T2DM, type 2 diabetes mellitus.

during the recruitment period were defined at baseline. eGFR was
calculated using the Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI) equation.

Primary and Secondary Outcomes

Primary composite outcomes of the study included rapid renal
progression, ESRD, coronary heart disease, congestive heart fail-
ure, any type of cerebrovascular disease, and all-cause mortality.
Rapid renal progression was defined as a decline in eGFR over 25%
from baseline annually or over 5 mL/min/1.73 m* annually among
those without ESRD [13]. ESRD was defined as eGFR lower than
15 mL/min/1.73 m? or initiation of renal replacement therapy. In-
ternational Classification of Diseases 10 (ICD-10) codes were
identified in the hospital database to collect the outcome including
coronary heart disease (either non-ST, ST elevation myocardial
infarction, or unstable angina), congestive heart failure, and any
type of cerebrovascular disease (transient ischemic attack, isch-
emic stroke, hemorrhagic stroke, and intracerebral hemorrhage).
For secondary outcome, clinical and laboratory data were collected
at the end of the study including frequency of hospitalization,
changes in eGFR and serum creatinine, and changes in albumin-
uria.
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Statistical Analyses

The continuous data were reported as means and standard de-
viation and categorical data were reported as number with per-
centage (%). The differences in continuous and categorical vari-
ables between the two groups were tested by Student’s ¢ test (or
Mann-Whitney U test) and the ¥ test (or Fisher’s exact test), re-
spectively. The Kaplan-Meier model and log-rank statistics were
used to analyze primary composite outcome (rapid renal progres-
sion, ESRD, coronary heart disease, congestive heart failure, any
type of cerebrovascular disease, and all-cause mortality). A multi-
variate analysis of multifactorial intervention on primary compos-
ite outcomes was calculated with the hazard ratio (HR) with 95%
confidence intervals (CI), involving survival time to the first event
in any individual subject. Cox regression model was performed to
predict primary composite outcome and dropout after adjusting
for sex, age, renal function, BP, hemoglobin Alc, BMI, use of
ACEIs or ARBs, and comorbid diseases. All p values were two-
sided, and a p value <0.05 was set to indicate statistical significance.
All analyses were performed using SPSS 22.0 (SPSS, Chicago, IL,
USA).
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Table 1. Baseline characteristics with propensity matched between outpatient clinic and excellent CKD clinic

groups
Variables Outpatient clinic Excellent CKD clinic p value
(n=192) (n=96)
Age, years 64.54+11.48 64.54+9.9 1.000
Female 104 (54.2) 46 (47.9) 0.317
BMI 25.84+4.87 25.03+4.46 0.215
Systolic BP, mm Hg 136.84+18.19 137.83+17.85 0.685
Diastolic BP, mm Hg 78.09+12.94 75.55+10.93 0.127
Hypertension 134 (69.8) 67 (69.8) 1.000
Dyslipidemia 103 (53.6) 56 (58.3) 0.451
Type 2 diabetes 82 (42.7) 45 (46.9) 0.502
Hemoglobin Alc, % 7.8+1.96 7.78+1.78 0.935
Hemoglobin, g/dL 11.39+2.23 11.32+1.96 0.801
Mean eGFR, mL/min/1.73 m? 39.88+12.06 39.16+£12.55 0.639
CKD stage 3 152 (79.2) 63 (65.6) 0.123
CKD stage 4 40 (20.8) 26 (27.1) 0.123
Serum creatinine, mg/dL 1.69+0.56 1.72+0.44 0.637
BUN, mg/dL 21.74+13.58 23.64%11.16 0.253
Medications
ACEI or ARBs 57 (29.7) 37 (38.5) 0.131
Statin 92 (47.9) 55 (57.3) 0.134
Aspirin 116 (60.4) 51 (53.1) 0.237
Beta-blocker 51 (26.6) 28 (29.2) 0.641
Calcium channel blocker 75 (39.1) 47 (49) 0.109
Metformin 38 (19.8) 12 (12.5) 0.124
Sulfonylurea 28 (14.6) 7 (7.3) 0.074
Follow-up time, years 4.09+0.66 4.22+0.76 0.141

Data presented as mean * SD and n (%). ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; BUN, blood urea nitrogen; BMI, body mass index; BP, blood pressure; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate; CKD stage 3, eGFR between 30 and 59 mL/min/1.73 m?% CKD
stage 4, eGFR between 15 and 29 mL/min/1.73 m?

Results

In total, 288 subjects (96 subjects in the excellent CKD
clinic group and 192 subjects in the outpatient clinic
group) with a mean age of 64.54 + 10.96 years were in-
cluded. Mean follow-up time was 49.63 + 8.36 months for
the entire cohort. The excellent CKD clinic and the out-
patient clinic groups had similar characteristics at base-
line regarding age, sex, BMI, eGFR, systolic BP, diastolic
BP, hemoglobin Alc, hemoglobin, and the percentage of
underlying diseases such as hypertension, type 2 diabetes,
and dyslipidemia (Table 1).

Changes in Renal Function and Metabolic Parameters

between Groups

Table 2 shows the changes in eGFR and laboratory re-
sults between the two groups. Compared with the outpa-
tient clinic group, the excellent CKD clinic group had a

Multidisciplinary Care with CKD
Outcomes

lower annual decline in eGFR (-0.06 [-2.89, 2.77] vs. 8.17
[5.7,10.65] mL/min/1.73 m?/year, p < 0.001) with a mean
difference of -8.24 (-12.25, -4.22) and a lower percentage
of decline in GFR (0.42% [-1.6, 2.44] vs. 4.76% [2.89,
6.62] per year, p = 0.005) with a mean difference of -4.34
(-7.32,-1.35). Moreover, the excellent CKD clinic group
had a significantly lower rate of reducing BMI (-0.26
[-0.68, 0.15] vs. —0.97 [-1.45, -0.49] per year, p = 0.037)
with a mean difference of about 0.71 (0.04, 1.37). There
were no significant differences in the changes in serum
creatinine, BUN, BP, hemoglobin Alc, and hemoglobin
between the two groups.

Clinical Outcomes between Groups

A total of 16 (16.5%) subjects in the excellent CKD
clinic group and 58 (19.9%) subjects in the outpatient
clinic group had an event of primary composite outcome
including rapid renal progression, ESRD, coronary heart
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Table 2. Mean changes per year in laboratory measurements and clinical outcomes between outpatient clinic and

excellent CKD clinic groups

Outpatient clinic

(n=291)

Excellent CKD Mean differences p value

clinic (n = 96)

Mean changes of laboratory results
Decline in eGFR, mL/min/1.73 m?

8.17 (5.70, 10.65)

-0.06 (-2.89,2.77) -8.24(-12.25,-4.22) <0.001

% decline in eGFR per year 4.76 (2.89, 6.62) 0.42 (-1.6, 2.44) -4.34 (-7.32,-1.35)  0.005
Serum creatinine, mg/dL 0.32 (0.03, 0.61) 0.17 (-0.03,0.38)  -0.14 (-0.58,0.29)  0.512
BUN, mg/dL 5.79 (2.68, 8.9) 494 (0.29, 9.59) -0.85 (6.2, 4.5) 0.753
Systolic BP, mm Hg -1.42 (-5.59,2.76) -5.14(-9.43,-0.85) -3.72 (-10.28, 2.84) 0.265
Diastolic BP, mm Hg -3.75 (-6.53,-0.98) -3.97 (-6.94, -1.00) -0.22 (-4.62, 4.18) 0.922
Hemoglobin Alc, % 0.89 (0.41, 1.37) 0.32(-0.09,0.73) -0.57 (-1.26, 0.12) 0.106
Hemoglobin, g/dL ~0.95 (-1.37, -0.54) -0.38 (-0.95,0.19)  0.57(-0.17,1.31)  0.127
BMI -0.97 (-1.45,-0.49) -0.26 (-0.68, 0.15) 0.71 (0.04, 1.37) 0.037
Clinical outcomes

Primary composite outcome 58 (19.9) 16 (16.7) - 0.013
Mortality rate 17 (5.84) 2(2.1) - 0.029
End-stage renal disease 25 (8.59) 8 (8.3) - 0.239
50% decline in eGFR 21(7.22) 8 (8.3) - 0.489
Rapid renal progression 23 (7.90) 10 (10.4) - 0.013
Coronary heart disease 3(0.01) 0 (0) - 0.218
Congestive heart failure 8 (2.74) 1(1) - 0.151
Cerebrovascular disease 18 (6.18) 5(5.2) - 0.219
Hospitalizations per year 1(0,2.5) 1(0,2) - 0.299

Data presented as mean change (95% CI) and n (%). BUN, blood urea nitrogen; BMI, body mass index; BP,
blood pressure; eGFR, estimated glomerular filtration rate.
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Fig. 2. Kaplan-Meier curve of patient outcomes between outpa-
tient and excellent CKD clinic. a Kaplan-Meier curve of primary
composite outcomes between outpatient and excellent CKD clin-
ics (log-rank test <0.005). Primary composite outcomes include
rapid renal progression, end-stage renal disease, coronary heart
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disease, congestive heart failure, any type of cerebrovascular dis-
ease, and all-cause mortality. b Kaplan-Meier curve of patient sur-
vival (all-cause mortality) between outpatient and excellent CKD
clinics (log-rank test = 0.019).
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Table 3. Cox regression model of excellent CKD clinic versus outpatient clinic groups for primary composite

outcomes
Variables Univariate Multivariate
crude HR (95% CI) p value adjusted HR” (95% CI)  p value
Age (years) 1.02 (1.00, 1.04) 0.071
eGFR (mL/min/1.73 m?) 0.98 (0.96, 0.99) 0.049 1.00 (0.97, 1.04) 0.912
Serum creatinine (mg/dL) 1.72 (1.20, 2.48) 0.003
Female 1.51 (0.93, 2.44) 0.096
Type 2 diabetes 1.15(0.73,1.82) 0.548
Hypertension 0.64 (0.39, 1.03) 0.065
Dyslipidemia 0.93 (0.59, 1.47) 0.751
BMI 0.98 (0.93, 1.03) 0.447
Systolic BP (mm Hg) 1.02 (1.00, 1.03) 0.015 1.01 (1.00, 1.03) 0.133
Diastolic BP (mm Hg) 1.01 (0.99, 1.03) 0.232
Hemoglobin (g/dL) 1.07 (0.95, 1.21) 0.277
Hemoglobin Alc (%) 1.24 (1.10, 1.40) 0.001 1.35(1.13, 1.60) 0.001
BUN (mg/dL) 1.02 (1.01, 1.04) 0.001 1.02 (1.00, 1.04) 0.102
ACEI or ARBs 0.43 (0.24, 0.78) 0.005 0.41 (0.19, 0.89) 0.025
Statin 0.86 (0.55, 1.36) 0.519
Aspirin 1.16 (0.73, 1.87) 0.531
Beta-blockers 1.07 (0.66, 1.74) 0.788
Calcium channel blockers 0.76 (0.48, 1.22) 0.263
Metformin 0.61 (0.31, 1.19) 0.146
Sulfonylurea 1.02 (0.51, 2.06) 0.949
Excellent CKD clinic 0.46 (0.26, 0.80) 0.006 0.36 (0.18, 0.74) 0.005

All variables are at baseline level. Primary composite outcomes include rapid renal progression, ESRD,
coronary heart disease, congestive heart failure, any type of cerebrovascular disease, and all-cause mortality.
* Adjusting for baseline eGFR, systolic BP, hemoglobin Alc, BUN, and use of ACEIs or ARBs. ACE], angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; BMI, body mass
index; BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.

disease, congestive heart failure, any type of cerebrovas-
cular disease, and all-cause mortality (p = 0.013). Kaplan-
Meier analysis illustrated a lower primary composite out-
come in the excellent CKD clinic group than the outpa-
tient clinic group (log-rank test, p = 0.005) (Fig. 2a). Cox
regression analysis revealed that the risk of primary com-
posite outcome in the excellent CKD clinic group was re-
duced to 61% compared with the outpatient clinic group
(HR 0.46; 95% CI 0.26-0.8; p = 0.006). After adjusting for
eGFR, systolic BP, hemoglobin Alc, BUN, and use of
ACEIs or ARBs, the HR persisted significantly at HR 0.39
(95% CI 0.19-0.80; p = 0.010) (Table 3).

As for all-cause mortality, a total of 2 (2.10%) sub-
jects in the excellent CKD clinic group and 17 (5.84%)
subjects in the outpatient clinic group died (p = 0.029).
Kaplan-Meier analysis illustrates a higher survival rate
in the excellent CKD clinic group than the outpatient
clinic group (log-rank test, p = 0.019) (Fig. 2b). Cox re-
gression analysis revealed that the risk of death in the

Multidisciplinary Care with CKD
Outcomes

excellent CKD clinic group was significantly reduced
compared with the outpatient clinic group (HR 0.21;
95% CI 0.05-0.89; p = 0.035). After adjusting for age
and mean eGFR, the HR persisted significantly at HR
0.22 (95% CI 0.05-0.95; p = 0.043) (Table 4). However,
the significant outcomes were not found in the inci-
dence of 50% decline in eGFR, ESRD, coronary heart
disease, congestive heart failure, any type of cerebrovas-
cular disease, and hospitalization.

Discussion

The 4-year retrospective cohort study showed that the
multidisciplinary care team in the excellent CKD clinic
of primary care setting improved patient outcomes
among patients with CKD including composite out-
come, all-cause mortality, and hospitalization rate. The
better survival outcomes and hospitalization rate in the
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Table 4. Cox regression model of excellent CKD clinic versus outpatient clinic groups for all-cause mortality

Variables Univariate Multivariate
crude HR (95% CI) p value adjusted HR* (95% CI)  p value
Age (years) 1.05 (1.00, 1.09) 0.040 1.05 (1.01, 1.09) 0.025
eGFR (mL/min/1.73 m?) 1.01 (0.97, 1.05) 0.532 1.02 (0.98, 1.06) 0.327
Serum creatinine (mg/dL) 0.38 (0.11, 1.31) 0.125
Female 1.68 (0.64, 4.43) 0.292
Type 2 diabetes 1.19 (0.48, 2.93) 0.712
Hypertension 0.64 (0.25, 1.63) 0.348
Dyslipidemia 1.34(0.53, 3.41) 0.535
BMI 0.98 (0.87, 1.09) 0.69
Systolic BP (mm Hg) 1.01 (0.99, 1.04) 0.258
Diastolic BP (mm Hg) 1.00 (0.96, 1.04) 0.955
Hemoglobin (g/dL) 0.90 (0.72, 1.13) 0.37
Hemoglobin Alc (%) 1.25 (1.00, 1.57) 0.051
BUN (mg/dL) 1.01 (0.98, 1.04) 0.58
ACEI or ARBs 0.52 (0.17, 1.56) 0.243
Statin 1.07 (0.43, 2.62) 0.89
Aspirin 1.47 (0.56, 3.86) 0.438
Beta-blockers 0.45 (0.13, 1.54) 0.204
Calcium channel blockers 1.37 (0.56, 3.37) 0.494
Metformin 0.77 (0.22, 2.64) 0.677
Sulfonylurea 0.79 (0.18, 3.43) 0.752
Excellent CKD clinic 0.21 (0.05, 0.89) 0.035 0.22 (0.05, 0.95) 0.043

Allvariables are at baseline level. * Adjusting for baseline age and eGFR. ACEJ, angiotensin converting enzyme
inhibitor; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; BMI, body mass index; BP, blood
pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.

present study were similar to related studies [11, 14].
Many explanations could explain the improvement in
these outcomes. The present study supported the hy-
pothesis that a multifactorial intervention directed at
multiple treatment targets is effective even when achiev-
ing only modest improvements. Our excellent CKD clin-
ic facilitated a holistic approach among patients with
CKD improving patients’ attitudes and knowledge levels
regarding CKD. A study by Wu et al. [10] revealed that a
reduced mortality rate was associated with education
programs in pre-dialysis patients with CKD. Physical
training programs also played a crucial role in survival
outcome. One related study showed a significant rela-
tionship between physical inactivity and increase in mor-
tality rate [15]. Smoking cessation [16] and effective
medical prescription, especially statin [17] and RAAS
blockers [18], were significantly associated with cardio-
vascular and survival benefit among patients with CKD
as well. Better cooperation was noted in diet modifica-
tion, medical compliance, avoidance of nephrotoxic
drugs including NSAIDs and herbal medications, substi-
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tution of NSAIDs by applied Thai traditional medicine
for pain control, increased follow-up frequency, finan-
cial counseling for long-term treatment plans, and direct
personal calling for poor compliance patients. Although
these parameters were not measured directly, it might
have an effect on the outcomes.

The excellent CKD clinic might also prevent a decline
in eGFR, and this result was correlated to related studies
[19, 20]. However, renal events including 50% decline in
eGFR and ESRD did not significantly differ between the
two groups. Moreover, this study also revealed nonsig-
nificant differences between the two patient groups re-
garding cardiovascular events, for which the results were
the same as in related studies [14, 21].

The present study did not exhibit differences in chang-
es in serum creatinine, BUN, systolic and diastolic BP,
hemoglobin Alc, hemoglobin, and standard medica-
tions including ACEI/ARB and statins. RAAS blockers
have been prescribed as first-line antihypertensive med-
ication among patients with CKD to reduce albuminuria
and improve renal and cardiovascular events [22]. Con-
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sequences of combining lifestyle modifications and more
effective medication prescriptions by the multidisci-
plinary care team may have contributed to reducing all-
causes mortality and composite outcome in the present
study.

Several limitations were noted in the present study.
First, the relatively small sample size of our cohort study
is the main limitation of the study. Second, patient com-
pliance and adherence to disease education intervention
could not be evaluated completely in our retrospective
study. Laboratory data were not collected and measured
at all time points of follow-up. A systemic bias in labora-
tory measures possibly existed. We could not exclude that
other unmeasured factors contributed to the efficacy of
the multidisciplinary care team in the excellent CKD clin-
ic group. Finally, the generalizability of our findings
might be limited by the selection of relatively older pa-
tients with CKD and subjects living in urban areas of
Thailand.

Conclusion

The multidisciplinary care team in the excellent CKD
clinicin a primary care settingimproved outcomes among
patients with CKD including primary composite out-
come and all-cause mortality. The excellent CKD clinic
might also have prevented a decline in eGFR in the CKD
population.
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